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In t roduc t ion  and Object ive 

P r e c i s e  a n a l y s i s  by rocket-  and s a t e l l i t e - b o r n e  mass spec t rometers  

of t h e  concen t r a t ion  of atomic oxygen i n  t h e  e a r t h ' s  upper atmosphere 

i s  made d i f f i c u l t  by t h e  r e a c t i v e  character of t h e  oxygen i t se l f .  

Th i s  h ighly  r e a c t i v e  spec ie s  is able  t o  i n t e r a c t  w i t h  s o l i d  su r faces  

by adsorp t ion ,  by  formation of a s o l i d  oxide phase, and by ca ta ly t ic  pro- 

duc t ion  of molecular  oxygen. Hence, the  oxygen atom concen t r a t ion  a s  

s een  by a mass spectrometer  may be s u b s t a n t i a l l y  d i f f e r e n t  from t h a t  o f t h e  

environment due t o  atom removal on t he  var ious  s u r f a c e s  of t he  i n s t r u -  

ment, The o b j e c t i v e  of t h i s  pro jec t  is t o  e l u c i d a t e  t h e  k i n e t i c s  and 

mechanism t h a t  are a s soc ia t ed  w i t h  t h e  i n t e r a c t i o n  of oxygen atoms w i t h  

d i f f e r e n t  s o l i d  su r faces  under condi t ions  s imilar  t o  those  encountered 

i n  t h e  upper atmosphere. 

The same d i f f i c u l t i e s  i n  determing O/O, r a t i o s  i n  t h e  upper atmos- 

phere are encountered when analyzing these e n t i t i e s  i n  a l abora to ry  

experiment.  To minimize such per turbat ions,  t h e  approach used i n  t h i s  

s tudy  i s  t o  measure changes i n  oxygen atom concen t r a t ion  r e s u l t i n g  from 

s u r f a c e  r e a c t i o n  and recombination i n  an environment where changes i n  

bo th  t h e  oxygen pressure  and t h e  ra te  of product ion of oxygen atoms a r e  

n e g l i g i b l e .  The t h e o r e t i c a l  basis of t he  experimental  approach was 

descr ibed  i n  de t a i l  i n  t h e  preceeding Q u a r t e r l y  S t a t u s  Report (September 

1, 1967).  

Ex pe riment s 

I n i t i a l  experiments i n  t h e  high-vacuum appara tus  have domonstrated 

t h e  genera l  v a l i d i t y  of t h e  experimental  approach f o r  measuring t h e  

k i n e t i c s  of i n t e r a c t i o n  of gases  a t  low pressures  w i t h  metal  su r f aces .  

In addi t ion ,  they have shown the  r e l a t i v e  magnitudes of t h e  a d j u s t a b l e  

l ' sourcest '  and "sinks" for gaseous species i n  t h e  appara tus ,  such a s  t h e  

i n l e t  and o u t l e t  conductances.  S p e c i f i c a l l y ,  t h e  s t i c k i n g  p r o b a b i l i t y  

of molecular oxygen on platinum was measured. 
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I n  these experiments t h e  specimen was a platinum f o i l  wi th  a 

geometric su r face  a r e a  of 2 . 4  c m 2  s i t u a t e d  i n  chamber C ( F i g .  1) .  

f o i l  was heated e l e c t r i c a l l y  to about l lOO’K i n  a background pressure  

of 5 x lo-’ t o r r .  Meanwhile, oxygen w a s  admitted t o  chambers A and B 

through t h e  servo-cont ro l led  l e a k  valve,  t o  maintain a s t e a d y - s t a t e  

pressure  of 5 x t o r r  i n  chamber B. The ion  gauge readings i n  A 

and B were cont inuously recorded. When s h u t t e r  N o .  2 was closed,  f o l -  

lowed immediately by the  opening of s h u t t e r  No. 

vessels B and C was e q u i l i b r a t e d .  The ion  gauge recordings showed t h a t  

approximately 10 seconds w a s  required t o  r e s t o r e  t h e  s t e a d y - s t a t e  

pressure  i n  B and C t o  t h e  value it had o r i g i n a l l y  i n  B a lone .  

platinum specimen was thus  r a t h e r  suddenly exposed t o  a gaseous environ- 

ment of f ixed  pressure .  The r a t e  of s o r p t i o n  of gas on t h i s  specimen 

w a s  r e f l e c t e d  i n  t h e  change i n  gas flow i n t o  t h e  sys t em through t h e  

i n l e t  conductance F. 

The 

1, t h e  pressure  i n  

The 

Under t h e  cond i t ions  descr ibed,  t he  s o r p t i o n  r a t e ,  R, of the  spec i -  

men is given by the  change i n  the  flow of gas through t h e  i n l e t  conduc- 

tance .  Hence : 

R = F(PA - Pi) 

where P’ and P 

be fo re  and a f t e r  exposure of t he  specimen. Hence the  recorded v a r i a t i o n  

of PA a.5, a func t ion  of t i m e  g ives  a continuous i n d i c a t i o n  of t h e  gas  

s o r p t i o n  r a t e  on the  specimen. In addi t ion ,  t he  t o t a l  mass of gas  

adsorbed, M, a s  a func t ion  of t i m e  can be eva lua ted  by i n t e g r a t i o n :  

represent  t h e  pressures  upstream of the  conductance F A A 

( 2 )  M = F J ~ ( P ~  r t  - Pi) d t .  

The removal rate of oxygen by s u r f a c e s  i n  chamber C o t h e r  than 

t h e  specimen was examined i n  a 

r ibbon was covered wi th  sorbed 

sepa ra t e  experiment. Af t e r  t h e  platinum 

oxygen by exposure t o  0, a t  P = 5 x 
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t o r r  f o r  a prolonged period of time, chamber C w a s  evacuated but  t he  

ribbon was no t  f l a shed .  Subsequently, s h u t t e r  No .  2 w a s  c losed  and 

s h u t t e r  No. 1 w a s  opened. The pumping speed of chamber C was observed 

t o  be less than t h a t  observed w i t h  t h e  f lashed  specimen by about a 

f a c t o r  of fou r .  

The r e s u l t s  of these experiments are shown i n  F ig .  2 i n  which t h e  

v a r i a t i o n  of t h e  s t i c k i n g  p robab i l i t y  of oxygen on platinum is compared 

w i t h  t h e  e x t e n t  of s u r f a c e  coverage. S t i c k i n g  p robab i l i t y ,  S, i s  t h e  

f r a c t i o n  of i nc iden t  molecules which adsorb on t h e  s u r f a c e :  

where cy is the  area o the  specimen, v is  the  mean mo,cular ve loc i ty ,  

and P is t h e  pressure  i n  vesse ls  B and C. BC 

A major problem encountered i n  our work i s  t h e  genera t ion  of atomic 

oxygen. An i n i t i a l  experiment with a platinum f i lament  for 0, d isso-  

c i a t i o n  demonstrated with increas ing  f i lament  temperature  an inc rease  

i n  mass 16 and a decrease  i n  mass 32 on t h e  quadrupole mass ana lyzer  

a t t ached  t o  chamber B. 

mass 32/mass 16 exceeded 0.3, but platinum vaporized a t  a rate s u f f i c i e n t  

t o  b u i l d  up  a v i s i b l e  deposit on t h e  g lass  v e s s e l  w a l l  ad j acen t  t o  t h e  

r ibbon wi th in  s e v e r a l  minutes. This was cons idered  t o  be a p o t e n t i a l  

source  of t r o u b l e .  Hence, t h e  platinum r ibbon w a s  replaced with a 

tungs ten  f i lament  with a su r face  a r e a  of about 4 c m 2 .  Carbon impuri ty  

w a s  leached from t h e  f i lament  by hea t ing  i t  t o  2300'K i n  oxygen a t  

p = 10-6 t o r r  f o r  about 8 hours.  During t h i s  t i m e  t he  carbon monoxide 

observed i n  t h e  system decreased markedly. However, even a t  f i lament  

temperatures  exceeding 2300'K no s i g n i f i c a n t  enhancement i n  t h e  oxygen 

atom concen t r a t ion  was observed. Af t e r  t h i s  d i sappo in t ing  experiment, 

a new platinum ribbon was exchanged f o r  t h e  tungs ten  f i lament ,  but  t h e  

ear l ier  r e s u l t s  could no t  be reproduced. 

observed s t e a d y - s t a t e  populat ion of atomic oxygen, evidenced by t h e  

mass spectrometer ,  could not  be enhanced. 

A t  1750'K, t h e  s t e a d y - s t a t e  va lue  of t h e  r a t i o  

Even a t  T > 1700'K, t he  
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Discuss ion  - 
r The molecular oxygen s o r p t i o n  experiments on platinum are of some 

i n t e r e s t  because they demonstrate t h a t  a s i g n i f i c a n t  f r a c t i o n  of t h e  

m e t a l l i c  s u r f a c e  i s  populated with sorbed oxygen r a t h e r  qu ick ly  even 

a t  molecular oxygen pressures  i n  t h e  lo-' t o r r  region.  

Fig.  2 suggest  t h a t  about  3 t o  5% of t h e  impinging molecules are sorbed 

u n t i l  t h e  su r face  coverage a t t a i n s  approximately one-tenth of a mono- 

l a y e r .  

cons ide ra t ions ,  is most l i k e l y  t h e  case), then gas-phase oxygen atoms 

would be expected t o  i n t e r a c t  w i t h  t h i s  su r f ace  by a Rideal-Ely 

recombination mechanism. 

and t h e  rather ex tens ive  da ta  on recombination k i n e t i c s  obtained a t  

h ighe r  pressures  would be appl icable .  I t  i s  of i n t e r e s t  t o  note  t h a t  

e lec t rochemica l  s t u d i e s  of oxygen s o r p t i o n  on a platinum e l e c t r o d e  

have shown a maximum su r face  coverage of about 20%'. 

s t i c k i n g  c o e f f i c i e n t  is  of t h e  same magnitude, as t h a t  deduced from 

oxygen d i s s o c i a t i o n  experiments' a t  T > 1700'K. 

The data i n  

I f  t h e  oxygen is  chemisorbed as atoms (which, from ene rge t i c  

Such a reac t ion  obeys f i r s t - o r d e r  k i n e t i c s ,  

Also, t h e  measured 

Other means t o  genera te  atomic oxygen under t h e  d e s i r e d  cond i t ions  

of temperature and pressure  are present ly  being cons idered .  One 

p o t e n t i a l l y  u s e f u l  technique would be t h e  photo-induced d i s s o c i a t i o n  of 

ozone. Ozone is  e f f i c i e n t l y  photo-dissociated i n t o  ground-s ta te  oxygen 

atoms [O( 3P)] and oxygen molecules [ O z (  3c - ) ]  by l i g h t  near  6000 A with 

a high quantium y i e l d .  Such a technique should a l low the  d i s s o c i a t i o n  

r e a c t i o n  t o  be c a r r i e d  out  i n  c lose  proximity t o  t h e  specimen, thereby 

reducing atom loss on o t h e r  sur faces  i n  the  appara tus .  A second tech- 

n ique  being considered is t h e  e f fus ion  of atomic oxygen from a heated 

furnace  where it is generated a t  a pressure  cons iderably  h ighe r  than 

0 

g 

'M. L. B. Rao, A. Damjanovic, and J .  O'M. Bockris,  J. Phys. Chem. 67 

2D. Brennan and P. C. Fle tcher ,  Trans. Farad. SOC. 56, 1662 (1960) 

- J  

2508 (1963) 

- 
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t h e  working pressure  i n  t h e  apparatus .  The r a t e  of oxygen atom genera- 

f i r s t -  
l t i o n  i n  a tungsten furnace  a t  2800'K has been shown t o  e x h i b i t  a 

o rde r  dependence on P , and a t  t h i s  temperature,  oxygen atoms a r e  t h e  

p r i n c i p a l  species obtained from t h e  furnace3.  Such a technique would 

r e q u i r e  t h e  a d d i t i o n  of a pump t o  the appara tus  t o  ob ta in  an adequate 

d i f f e r e n t i a l  pressure between t h e  furnace and t h e  specimen chamber. 

0 2  

Pe rs onne 1 

S t a f f  members who have p a r t i c i p a t e d  i n  t h i s  program dur ing  the  

pas t  q u a r t e r  inc lude :  Leon E. Hiam, Jan  W. Van Gas te l ,  Henry Wise, and 

Bernard J. Wood. 

3P. 0. Sch i s se l  and 0. C. Trulson, J. Chem. Phys. 43, 737 (1965) - 
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FIG. 1 SCHEMATIC DIAGRAM OF EXPERIMENTAL APPARATUS 
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PLATINUM RIBBON 
A = 2.4 cm2 
T = 300OK 

FIG. 2 STICKING PROBABILITY AS A FUNCTION OF ADSORBED OXYGEN 
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